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Abstract
BACKGROUND: Depression is a psychiatric disorder that has become a serious health problem in the past decade. 
This disorder is characterized by prolonged dysphoric mood, and in more severe condition would result in decreased 
self-care and even life-threatening action. Serotonin is believed to play a role in the regulation of mood elation in 
depressive disorders. Decreased levels of serotonin in the hippocampus will cause an increased dopamine in 
mesolimbic dopamine neuronal cells. An effective and commonly used drug is the selective serotonin reuptake inhibitor, 
namely, fluoxetine. However, this agent has so many side effects, one of them is erectile dysfunction. In order to find the 
better treatment, exploration and discovery of therapeutic modalities need to pursued using natural materials.
AIM: This study aimed to explore and evaluate antidepressant effects of cinnamon (Cinnamomum burmannii) extract 
(CE).
METHODS: A total of 30 male Wistar rats were obtained from Eureka Research Laboratory (Palembang, Indonesia). 
Cinnamon simplisia was obtained from the Institute for Research and Testing of Traditional Medicine, Tawangmangu, 
Central Java, Indonesia. Rats were induced using chronic mild stress (CMS). CMS was a form of stress induction 
performed on experimental animals continuously, for 4 weeks. Forced swimming test (FST) was a test conducted to 
assess mobility in animal model. After induction for 4 weeks, rats were randomly divided into six groups which each 
contained five rats: Normal control group, CMS group (negative control), CMS + fluoxetin (Fluox 1: mg/kg), CMS + 
CE 25 mg/kg, the CMS + CE 50 mg/kg, and the CMS + CE 100 mg/kg. Treatment with fluoxetine or CE was given for 
14 days intragastrically using gastric sonde. After treatment and FST, organ evacuation was performed and followed 
by immunohistochemistry and enzyme-linked immunosorbent examination.
RESULTS: This study showed that CE with dose of 25 mg/kg BW to dose 100 mg/k BW could reduce the duration 
of immobility when compared to the CMS group. Clinically, CE possessed the potential to reduce the duration of 
immobility and potentially reduce symptoms of depression. Histologically, CE showed the potential to improve 
serotonin levels in the hippocampus with increasing doses. Tumor necrosis factor (TNF)-alpha expression in the 
hippocampus as a marker of inflammation had increased in the CMS group. CE was able to reduce the expression 
of TNF-alpha compared to the CMS group.
CONCLUSION: CE possessed antidepressant efficacy by inhibiting the inflammatory process in the hippocampus so 
it was able to optimally increase serotonin levels in the hippocampus.
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Introduction
Depression is a mental disorder that is 
commonly found throughout the world. The depression 
could strike all ages, usually characterized by feeling 
of sadness, anxiety, guilty thought, insomnia, loss of 
interest in pleasure thing, and suicidal idea. According 
to the WHO, there are 300 million people in the world 
suffering from depression with nearly 800,000 people 
die due to suicide each year. Therefore, the depression 
is one of the mental disorders with the need of immediate 
proper treatment as early as possible [1].
To find the cause of depression, many studies 
had been conducted. It is believed that serotonin is a 
neurotransmitter that plays a role in the pathogenesis of 
depression. Inflammation is a major factor that relates 
in reducing the function of neurogenesis of neuronal 
cells in the brain. Decreased neurogenesis due to 
inflammation causes neuronal cell death which will 
lead to decreased neurotransmitter synthesis, including 
serotonin. Low levels of serotonin are a marker of 
depression, so the search for chemical compounds that 
can increase or maintain normal levels of serotonin is 
the main focus of pharmacotherapy. Today, an effective 
and commonly used drug is the selective serotonin 
reuptake inhibitor (SSRI), namely, fluoxetine. Even so, 
one of the side effects of this drug is erectile dysfunction, 
considering that depression often happen in productive 
age. The side effects caused by this drug cannot be 
ignored [2]. Therefore, exploration and discovery of 
therapeutic modalities need to be pursued using and 
utilizing natural materials.
Cinnamon (Cinnamomum burmannii) is one 
of the plants commonly found in Indonesia that is 
believed to have the potential to overcome various 
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health problems. In folk tradition, this plant was used 
hereditary to cure cough, fever, and joint pain. The main 
compound contained in this plant is cinnamaldehyde, 
which is a phenol group. Phenol compounds have 
lipophilic properties, so these compounds can penetrate 
the blood–brain barrier and are able to give effect to 
neuronal cells. Phenols have anti-inflammatory effects, 
which are believed to be able to inhibit the inflammatory 
cascade that forms the basis of the pathogenesis of 
depressive disorders [3], [4], [5].
This study was the first study to explore and 
evaluate antidepressant effects of cinnamon extract 
(CE) (C. burmannii). This study aimed to discover new 
modalities using and utilizing natural materials, CE 
(C. burmannii).
Methods
Animal
A total of 30 male Wistar rats (200 ± 20 g) 
were obtained from Eureka Research Laboratory 
(Palembang, Indonesia). Experimental animals were 
placed in cages under controlled conditions (12 h of 
light/dark cycles with temperatures of 22 ± 1°C and 
humidity of 40–60%), fed, and drank ad libitum. All 
animal treatments and experimental procedures were 
approved by the Ethics and Humanities Commission 
of the Faculty of Medicine, Universitas Sriwijaya, 
Palembang, Indonesia (No.xxx/kptfkunsri-rsmh/2019).
CE preparation
Cinnamon simplisia was obtained from 
the Institute for Research and Testing of Traditional 
Medicine, Tawangmangu, Central Java, Indonesia. 
Furthermore, extraction from cinnamon was done by 
maceration method. A total of 500 g of simplisia were 
macerated with 96% ethanol for 72 h. Then, it was 
separated to obtain the pulp and macerate. Macerate 
was then evaporated with a rotary evaporator (Heidolph) 
so that CE was obtained.
Animal model depression
Animal model depression was induced 
using chronic mild stress (CMS). CMS was a form 
of stress induction performed on the experimental 
animals continuously for 4 weeks. CMS procedures 
were performed with mild stressors such as repeated 
cold stress (4°C), space reduction in the homecage, 
changed cages within the CMS group, cage tilt, empty 
cage, intermittent air puff, wet bedding, white noise, 
overnight illumination, and social interaction with other 
animals of the CMS group. The particular context 
(stressor applied during preceding dark phase) of the 
water restriction intervals involved overnight illumination 
(Sunday-Monday), wet cage, and cage tilt (Tuesday-
Wednesday and Thursday-Friday), and changed 
cages (Wednesday-Thursday), respectively [6]. As the 
following schedule:
Table 1: Procedure timeline of chronic mild stress
Day Light phase Dark phase
First half Second half First 2 h Remaining 10 h
Monday Cold stress 
(2×30 min)
Cold stress 
(30 min)
Water restriction Space reduction
Tuesday Changed 
room
Air puff 
(3×3 intermittent)
Wet cage Wet cage
Wednesday Wet cage Social interaction Foreign cage Foreign cage
Thursday Foreign cage Social interaction Water restriction Cage tilt
Friday Empty cage Changed room White noise White noise
Saturday White noise Changed room Changed room Changed room
Sunday Changed 
room
Changed room Overnight 
illumination with 
700×l
Overnight 
illumination with 
700×l
Clinical evaluation: Forced swimming test 
(FST)
FST was a test conducted to assess mobility in 
animal model. First, the FST equipment was prepared, 
in the form of a cylindrical tube with a height of 60 cm 
and diameter of 30 cm, then filled with water as high 
as 40 cm. Water was replaced every test per mouse. 
Tests were conducted between 9 am and 3 pm. Each 
test animal was acclimatized for 10 min first, and then 
the mobility duration was measured in 5 min. Next, the 
mobility of the test animals was measured in seconds.
Animal model treatment
After induction for 4 weeks, rats were randomly 
divided into six groups which each contained five 
rats: Normal control group, CMS group (negative 
control), CMS + fluoxetin (Fluox 1: mg/kg), CMS + CE 
25 mg/kg, the CMS + CE 50 mg/kg, and the CMS + CE 
100 mg/kg. The normal control group was not induced 
by CMS. Treatment with fluoxetine or CE was given for 
14 days intragastrically using gastric sonde. The extract 
was made into a suspension preparation with 1% 
carboxymethyl cellulose emulgator so that the volume 
of suspension for every rat was 3 ml. Furthermore, the 
animal model was performed with perfusion so when the 
organ evacuation process was started, cell damage did 
not occur. Before perfusion was performed, the animal 
was anesthetized with ketamine (5 mg/kg BW) and 
xylazine (0.2 mg/kg BW) intraperitoneally. Perfusion 
was done by entering perfusor fluid, paraformaldehyde 
4%, and through the left ventricle of the heart, followed 
by a tear in the right atrium of the heart so that blood 
would come out of the right atrium replaced by perfusor 
fluid. Perfusion continues until the fluid coming out of the 
right atrium became clear. Evacuation of the animal’s 
brain was done by performing a craniotomy, through 
sulcus coronarius from calvaria, so that the animal’s 
brain organ was obtained and splitting was performed 
to divide the right and left cerebral hemispheres. The left 
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cerebral hemisphere was then inserted into a fixation 
fluid, neutral buffer formalin 10%.
Immunohistochemistry examination
The left cerebral hemisphere that had been 
inserted into the fixation fluid was dehydrated using 
gradient alcohol and xylene, then paraffinized and cut 
as thick as 5 um using a rotary microtome (Leica). 
Next, tissue was placed on coated-object glass. 
Then, rehydration was carried out on the tissue using 
xylene and alcohol with a concentration of 96%, 90%, 
80%, and 70% and rinsed with tap water. The next 
stage, retrieval antigen was carried out by the heat-
induced epitope retrieval method, where the slides 
were put into a citrate buffer solution, then heated at a 
temperature of 95°C for 60 min. Then, tumor necrosis 
factor (TNF)-alpha 1:700 (cloud clone) antibody was 
stained, followed by overnight incubation at 4°C. The 
next stage was to paint with a secondary antibody, 
biotinylated-horseradish peroxidase, and incubation 
for 1 h at room temperature. Next, chromogen was 
added to the slide. Furthermore, the dehydration 
process was again carried out using concentrated 
alcohol and xylene. The next step was mounting 
and evaluating the TNF-alpha expression using 
ImageJ Software so that the percentage of TNF-alpha 
expression was obtained.
Enzyme-linked immunosorbent assay 
(ELISA) examination
Serotonin levels in the hippocampus were 
examined by human serotonin ELISA kit (cloud clone), 
based on the protocol found in the manufacturer’s 
protocols. Briefly, 50 μl standard diluent or serum 
samples were added to wells that had been coated with 
anti-serotonin and incubated at 37°C for 30 min. After 
the plates were washed, 100 µl of biotinylated antibody 
solution was added and incubated for 30 min at 37°C. 
After washing 3 times, 50 ul avidin-peroxidase complex 
solution was added and incubated for 15 min at 37°C. 
After washing, 50 μl of the tetramethylbenzidine color 
solution was added and incubated in the dark for 15 min 
at 37°C. Finally, 50 ul stop solution was added to stop 
the reaction and optical density values were measured 
using an ELISA reader (Bio-Rad) at wavelength 450 nm.
Data analysis
All data were presented as mean ± standard 
deviation and all statistical analyzes were performed 
with the SPSS 25 program. One-way ANOVA followed 
by post hoc analysis was conducted to assess the 
differences in the mean expression and levels of each 
protein as well as clinical data. p < 0.05 was determined 
as an indication that there were significant differences 
in the mean levels.
Results
Duration of immobility showed clinical 
symptoms of depression. The longer duration of 
immobilization indicated more depressed test animal. 
Figure 1 shows that CE with dose 25 mg/kg BW to 
100 mg/kg BW reduced the duration of immobility when 
compared to the CMS group. Clinically, CE possessed 
the potential to reduce the duration of immobility and 
potentially reduce symptoms of depression.
Normal CMS Fluoxetin CE 25 CE 50 CE 100
Duration of Immobility 87.32 235.45 132.32 214.21 198.87 145.23
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Figure 1: Duration of immobility in rats for forced swimming test; 
*Versus chronic mild stress, p < 0.05
Serotonin as the main neurotransmitter that 
plays a role in the pathophysiology of depressive 
disorders is an important marker in clinical depression. 
CE showed the potential to improve serotonin levels in 
the hippocampus with increasing doses (Table 1).
Table 1: Serotonin level in rats hippocampus
Group Serotonin level (pg/mL) ± SD p value*
Normal 178.86 ± 15.76 0.00
CMS 54.54 ± 3.12 -
Fluoxetine 112.21 ± 8.23 0.00
CE 25 65.23 ± 5.12 0.00
CE 50 87.12 ± 6.34 0.00
CE 100 98.76 ± 7.77 0.00
*Versus CMS, p<0.05; ANOVA, post hoc (Bonferroni), CMS: Chronic mild stress, CE: Cinnamon extract.
TNF-alpha expression in the hippocampus 
as a marker of inflammation had increased in the 
CMS group. CE was able to reduce the expression of 
TNF-alpha compared to the CMS group (Figure 2 and 
Table 2).
Figure 2: Tumor necrosis factor (TNF)-alpha expression in rats 
hippocampus. Black arrows: TNF-alpha expression. ×400. 
(a) Normal, (b) chronic mild stress, (c) fluoxetine, (d) cinnamon (CE) 
25, (e) CE 50, (f) CE 100
d
cb
f
a
e
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Discussion
Depression is a psychiatric disorder that has 
become a serious health problem in the past decade. 
This disorder is characterized by prolonged dysphoric 
mood, and in more severe condition would result in 
decreased self-care and even life-threatening action. 
Serotonin is believed to play a role in the regulation of 
mood elation in depressive disorders. Decreased levels 
of serotonin in the hippocampus will cause an increased 
dopamine in mesolimbic dopamine neuronal cells. 
Increased mesolimbic dopamine will cause a decrease 
in dopamine in the mesocortical area so that it will cause 
the sufferer to experience a decrease in mood which 
results in depressive symptoms [7], [8], [9], [10].
Current management related to depressive 
disorders is aimed at maintaining optimum levels of 
serotonin in the synaptic cleft. Drugs, such as SSRI 
group and fluoxetine, play a role in inhibiting the uptake 
of serotonin in the synaptic cleft so that serotonin 
remains optimum and is able to improve depressive 
symptoms. Recent study was more focused on 
maintaining the viability of neuronal serotonin cells. 
Decreased neuronal serotonin cell viability will reduce 
serotonin levels so that it will cause symptoms of 
depression [11], [12], [13], [14], [15], [16].
Oxidative stress due to oxidants plays an 
important role as an initiator of inflammation. Inflammation 
is an important pathogenesis that plays a role in the 
initiation of cell death. Chronic inflammation will cause 
activation of the inflammatory cascade, which in turn 
activates the death receptor. Death receptor activation 
will then activate caspase which will cause apoptosis 
of neuronal serotonin cells [17], [18]. Therefore, it is 
important to make efforts to inhibit inflammation in 
neuronal cells. Phenol is a metabolite that is quite 
common in CE. Phenol has the potential to penetrate 
the blood–brain barrier, so it has the potential to have an 
effect on neuronal cells. Various studies show that phenol 
contained in cinnamon possesses antioxidant potential. 
Antioxidants are believed to be important compounds 
capable of neutralizing oxidants, to reduce the activation 
of inflammatory cascade and optimize the viability of 
serotonin neuronal cells [19], [20], [21], [22]. This study 
showed that CE improved clinical depression by inhibiting 
the expression of TNF-alpha in the hippocampus so that 
the viability of serotonin neuronal cells remained optimal 
and serotonin levels would increase compared to the 
group not administered with CE.
Conclusion
CE possessed antidepressant efficacy by 
inhibiting the inflammatory process in the hippocampus 
so it was able to optimally increase serotonin levels in 
the hippocampus.
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